Hang-ju was one of five officinal varieties of Flos chrysanthemum for its edible and potable usage. Besides Flos Chrysanthemum (FL), there were also Bud Chrysanthemum (BC) and Fetal Chrysanthemum (FC) at the early and late stage of buds, respectively, in the consumption market of 
Introduction
Flos chrysanthemum (FL) is the dried capitulum of Chrysanthemum morifolium Ramat. with the efficiency of relieving heat and expelling wind, clearing liver and improving vision, and cooling the internal heat and detoxifying the body, and usually used as an antiphlogistic and against cold, headache, vertigo, and conjunctivitis. Native to China, C. morifolium has been cultivated for thousands of years. As a well-known folk medicine, it has been used as a remedy for fever, dizzy, headache, conjunctive congestion with swelling and pain, and so on [1] . Rich in a variety of chemical constituents, with volatile oil [2] , flavonoids [3] , phenolic acids [4] , phytosterols [5] , sequitepene lactone [5] , polysaccharide [6, 7] included, C. morifolium and its main chemical components have been reported to have many beneficial functions, such as antibacterial [8] , antiviral [3] , anti-inflammatory [9] , anti-oxiditive [6] , hypotensive [10] , hypoglycemic [11, 12] , hypolipidemic [13] , dormitive [14] , cardiovascular protective [15] , neuroprotective [4] , antiangiogenic [7] , etc. Flos chrysanthemum was classified as a "top grade" drug that was supposed to promote health and prolong life in the Divine Husbandman's Classic of Materia Medica (ShenNong Ben Cao Jing) which was thought to be the earliest material medica in China compiled in the late In the traditional application of Hang-ju, the inflorescence was in full bloom as it was recorded in Chinese Materia Medica that the harvesting period of Flos Chrysanthemum was in early November when the petals of inflorescence were flat, with the color from yellow to white, and the exposed tubular flower in inflorescence was slightly yellowish [16] . It was said that the Hang-ju was suitable for harvesting from late October to early November when the petals were unfolded with 80% of the tubular flower in inflorescence uncovered in Chinese Medicine Dictionary [17] . A similar description of Hang-ju was also recorded as butterfly-shaped or oblate-shaped with a diameter of 2.5-4.0 cm in appearance, flat or slightly folded ligulate flower adhered to each other usually without glandular spots in white or yellow, and mostly of tubular flower exposed in the Chinese Pharmacopoeia.
However, the commonly used commercial product of Flos Chrysanthemum (blooming anthodium of C. morifolium) in the consumption market of Hang-ju, there were also Bud Chrysanthemum (BC) at early stage of buds with intact sepals and unstretched petals and Fetal Chrysanthemum (FC) with unstretched petals just broken out of the bracts at the late stage of buds with higher prices, respectively. The acquisition prices of BC and FC were 41-42 RMB and 43-44 RMB per kilogram, higher than that of FL, 30 RMB per kilogram in 2018. As a result of domestic market-promotion and consumption-orientation, quite an amount of the cultivars of Hang-ju in the flower bud period were put on the market after being harvested and processed as BC and FC. It was reported that 1 kilogram of BC would grow into 5 kilograms of FL. The large scale of picking of BC was bound to have a certain impact a certain impact on the market of FL, resulting in a decline in the production of FL and affecting the market of FL. It was reported that 1 kilogram of fresh BC would produce 1.2-1.3 kilograms of FC or 2.2-2.5 kilograms of FL, and the large consumption of BC and FC led to reduced production of FL and caused serious waste of the resource of C. morifolium. Whether the quality and efficiency of BC and FC was superior to traditional FL or merely consumption misunderstandings?
As it's known, volatile oil was one of the main active ingredients of medicinal Flos Chrysanthemum with various bioactivities of anti-microbial [18] , anti-oxidant [19] , antihyperuricemia [20] and so on. It revealed that the components in volatile oil of Flos Chrysanthemum were mainly monoterpenes and sesquiterpenes with camphor, chrysanthenone, α-pinene, myrcene, eucalyptol, verbenone, β-phellandrene and camphene included [21] . Gas chromatography-mass spectrometry (GC-MS) is the most popular method for the qualitative and quantitative determination of volatile oil. Enormous studies had been undertaken to analyze the volatile oil of Flos Chrysanthemum based on GC-MS, such as headspace solid-phase microextraction coupled with GC-MS [22] and dynamic headspace collection complemented with auto thermal desorber-GC-MS [19] , and so on. Here in this manuscript, three commercial products of Hongxinju, a representive cultivar of Hang-ju in Sheyang of Jiangsu Province, were studied with a GC-MS based metabolomics approach, complemented with morphology, contents of moisture and protein and the anti-oxidant activity, to reveal the metabolic alterations of Hongxinju in different flowering stage and in different processing periods. So far as we know, there was no study on metabolomics profiles of BC, FC and FL of Hongxinju, and this study would provide scientific reference for the commercial normalization of Hang-ju.
Results

Morphological features of three commercial products of Hongxinju
diameter, height of inflorescence, and morphology of florets ligulate and tubiform floret showed a significant difference among BC, FC, and FL (Fig. 1) . 
Content of moisture in different Hongxinju
There were no significant differences in the moisture contents of fresh Hongxinju with range from 84.79% to 86.02%. After the first drying, the moisture was highest in semi-dried BC of 36.48%
and lowest of 19.72% in semi-dried FL, while for the final samples, the moisture was highest in FL and lowest in BC (Table 2) . 
Content of protein in different Hongxinju
Contents of protein in fresh Hongxinju were increased and then decreased from BC to FL, and peaked in FC. After the first drying process, the protein content was significantly increased in semidried BC, slightly decreased in semi-dried FL, and constant in semi-dried FC. However, there were no obvious differences in the protein contents among the three final Hongxinju (Table 3) . 
Comparison of anti-oxidant assays of Hongxinju
It showed that the samples had different antioxidant activity dependent of the assay used. In the DPPH assay, most of the samples showed good radical scavenging activity. The EC50 values for BC were slightly higher than those of FC and FL, revealing the weaker anti-oxidant activity, but no significant difference was found (p>0.05). In the FRAP assay, the antioxidant activity of fresh BC and FC were significantly stronger compared with that of FC (p<0.01, p<0.05). For the semi-dried samples, the anti-oxidation of the FC was slightly and notably (p<0.05) higher than that of BC and FL, respectively. There were no significant differences in the anti-oxidative activity between final FC and final FL, slightly lower than that of BC (Table 5 ). 
Assignment of the violate components in the fresh, semi-dried and final Hongxinju
Referred to the standard compounds, and aided by those previously reported and those stored in the NIST and WILLEY Standard Mass Spectrometry Library, a total of 71 violate metabolites were assigned and were mainly categorized as: monoterpenoid, semi-terpenoid, aromatic derivate, alcohols, and hydrocarbon compounds, with terpenoids and hydrocarbons predominated and the other compounds typically present in smaller amounts (Table 6) . Camphor, ethylbenzene, o-xylene, and nonane were the richest components and were present at particularly high levels. 
The influence of flowering developments in metabolic profiles
Unsupervised PCA was used to perform the metabolic differences of Hongxinju in different flowering development of BC, FC and FL at the same processing stage which revealed first main component PC1 could not distinguish the metabolic alteration among BC, FC and FL in the score plot (Fig 2A-2C) . To remove the noise and interference with group-independent variables, a supervised OSC-PLS-DA (OSC=1) was further performed, presenting a clear clustering of the three groups with well goodness of fit and statistical significance in the score plot (Fig 2D-2F) . It showed that FrBC, FrFC and FrFL were separated with each other, with FrBC in the middle, near to FrFC in the score plot, revealing time-independent metabolic alteration of the fresh Hongxinju from BC to FL (Fig 2D) . For the semi-dried and final samples, the clusters of BC, FC and FL were mainly separated in PC1, with SdFC located between SdBC and SdFL, nearing to SdBC (Fig 2E) , and FnFC in the middle of FnBC and FnFl, nearer to FnFL (Fig 2F) , respectively. It showed that the volatile components in Hongxinju were greatly influenced by the flowering development. ) and visualized in a covariance-based pseudospectrum, with the color from red to blue indicating correlation from strong to weak (Fig. 3A, 3B and 3C for fresh, semi-dried and final samples, respectively). (Fig 4) . 
The influence of processing stage on the metabolic profiles
PCA analysis revealed that fresh, semi-dried and final Hongxinju were severely overlapped with each other, especially for semi-dried and final samples, on the first component in score plots (Fig 5A, 5B and 5C for BC, FC and FL, respectively). OSC-PLS-DA analysis exhibited that the three groups were well separated with each other, with semi-dried samples of SdBC, SdFC and SdFL in the middle between the fresh and the final Hongxinju, nearer to final ones of FnBC, FnFC and FnFL, respectively. It showed that the metabolic profiles of BC were greatly affected by the processing of drying and the dryness degree, the more the dryness degree, the more significant metabolic alterations (Fig 5D) . For FC and FL, the fresh samples in the negative area were obviously distinguished with the semi-dried and final ones in the positive religion of the score plot (5E and 5F
for FC and FL, respectively), which revealed that the influence of dryness degree on the metabolic profile of FC and FL was less than those of BC. In comparison with FrBC, notably increased levels of 5,5-dimethyl-1-ethyl-1,3-cyclopentadiene, limonen-6-ol, pivalate, phytol, heptacosane, clocortolone pivalate, nonacosane and 17-pentatriacontene, and obviously decreased levels of ethylbenzene, styrene, 1,5,5-trimethyl-6-methylene-cyclohexene, 3-carene, exo-2-hydroxycineole, trans-β-ocimene, arachidonic acid methyl ester, verbenyl acetate and 1-heptatriacotanol were in FnBC in the loading plot (Fig. 5A ). (Fig. 5C ).
Discussion
As the bud and fetal of C. morifolium, there were significant morphological differences between BC, FC and FL, mainly in the length and diameter of inflorescence, and the shape of torus, florets ligulate and tubiform floret. Besides the differences in morphology, obvious distinction was found in the moisture, content of protein, anti-oxidation and the violate metabolic profiles of BC, FC and FL at different flowing development and processing stage.
In general, it was hardly for inner moisture to be removed when most external moisture had been driven off during the first constant drying, especially for the compact bud in which most of the bracts and florets ligulate were folded, avoiding the inner moisture to be out. It was reasonable for the semi-dried samples disposed still at room temperature to allow the inner moisture diffused to the external before the second drying process. For fresh and final samples, the moisture content was less influenced by flowering development, while for the semi-dried samples, the moisture content was affected greatly by flowering development. It provided a reference for drying method study of some compact biomass like bud and fetal.
For Bud Chrysanthemum, the protein content measured by BCA kits was obviously increased during the first drying process, and then significantly decreased in the final products. The changes in the content of protein might attributed to the alteration in the amounts of free amino groups or the contents of arginine and/or aromatic amino acids during drying process due to some chemical reaction, such as the Maillard reaction between protein and flavonoid. It was worthy to further investigated to uncover the reasons of the changes in the protein during processing.
The anti-oxidation tests exhibited an assay depending, different result between DPPH and FRAP methods, revealing the complication of the anti-oxidative activity in vitro, and therefore multiply methods needed to be integrated to afford a considerate result. For the fresh samples, there were notable differences in the anti-oxidation among BC, FC and FL, however, the anti-oxidant activities of final BC, FC and FL were nearly equal to each other after two steps of drying either by DPPH or FRAP methods. Consequently, FL was likely replaced by BC and FC in the field of antioxidation.
Elevated level of -curcumene (Fig. 4P ) in fresh FL comparing with FC, and increased level of (Z,Z,Z)-9,12,15-octadecatrienoic acid were found in final FL in comparison with those in BC. In the previous reports, -curcumene and (Z,Z,Z)-9,12,15-octadecatrienoic acid were deemed as representative components in the essential oil of herbal medicine with pungent flavor and cool nature according to the theory of TCM, the higher contents of these two compounds in FL may indicate the superior efficacy of FL in expelling wind and cooling the internal heat than FC and BC [24] . Raised content of rhodopin (Fig. 4H1 ) and reduced levels of methyl arachidonate (Fig. 4I) were in both the semi-dried and final FL compared with those in BC, indicating possible unique commercial feature and medical efficiency of FL distinguished from that of BC. Rhodopin, a kind of carotenol, its higher level in final FL revealed better vision-improving effect of FnFL compared with that of FnBC, which was in accordance with the supplementation with vitamins C and E and beta carotene retarding age-related macular degeneration and vision loss [25] . Lower content of methyl arachidonate in final FL possibly implied less inflammatory and better safety of FL superior to BC. 5,5-Dimethyl-1-ethyl-1,3-cyclopentadiene was found in Hangju cultivated in Tongxiang at high level [26] , however, low content of 5,5-dimethyl-1-ethyl-1,3-cyclopentadiene (Fig. 4H ) was in the final FL, revealing the influence of planting religion on the herbal medicine. The level of ethylbenzene ( Fig. 4A ) was increased in fresh FL, but were decreased in semi-dried FL compared with those in FC and BC, revealing its thermal instability and variability during the drying processing. Ethylbenzene, one of the common compound in air pollution, the lower level in the final FL than in fresh FL revealed the reasonability of processing to improve the safety.
Material and methods
Materials and chemicals
2, 2-diphenyl-1-picrylhydrazyl (DPPH), tripyridyl-triazine (TPTZ) and vitamin C were bought from Sigma (St. Louis, MO, USA). Cyclohexane and methanol of LC-MS grade used in this study were supplied by Merck (Darmstadt, Germany). Ultra-pure distilled water was prepared from a
Milli-Q purification system in the lab. BCA kit was purchased from Nanjing Jiancheng
Bioengineering Institute (Nanjing, China)
Plant collection and identification
The 
Determination of moisture
About 2 g of FrBC, FrFC, FrFL, SdBC, SdFC, SdFL, FnBC, FnFC, and FnFL were cut into pieces and the moisture content values were determined using the oven drying method at the standard oven drying temperature of 110±5° C [27] . An analytical balance, accurate to 0.1 mg was in the drying oven. Remove the sample from the oven dishes and allow them to cool to room temperature in a desiccator before the next measurement.
Protein content test
A hundred mg of the samples for the protein assay kits were weighed, added with 1.0 ml of pre-cooled phosphate buffered saline (pH 7.4, 0.05 M, m/v=1:10) and a stainless steel ball, shaken, left to stand for extraction. Homogenates were filtered and centrifuged by using a refrigerated centrifuge at 3,500 × g at 4 °C to afford stock solutions, which were kept in a refrigerator at 4 °C and in dark situation. Then, these supernatants were used for the determination of total protein concentration by the bicinchoninic acid assay at 562 nm according to the operation instructions of BCA kit.
Anti-oxidant activity measurement
In vitro DPPH radical scavenging assay and ferric reducing antioxidant power (FRAP) were routinely practiced for the assessment of antiradical properties of different compounds and extracts [28, 29] . The above supernatants of Hongxinju were diluted with ultra-pure water, and DPPH assay was performed according to previously reported [30] . In brief, 100 μL of Hongxinju extract solution was mixed with 100 μL solution of 200 μM DPPH solution in methanol or buffered methanol to start the reaction, with vitamin C as the positive control. The reaction mixture was kept at 30 °C for 30 min and the absorbance was measured at 517 nm at room temperature using a BioRad
Model 550 plate reader.
The FRAP assay measured the ability of the antioxidants in Hongxinju extracts to reduce the 
GC-MS analysis
Before GC-MS analysis, samples were equilibrated in a 4 °C refrigerator. GC-MS data was 
Preprocessing of the GC-MS data
All of the raw spectra data obtained from the ChemStation was converted into a netCDF format file by AxION eCipher software, and then was subjected to a series of standardized pretreatment, with area standardization, probability normalization, mean centering and pareto scaling included.
Assignment of the volatile compounds
AxION eCipher software was used to evaluate chromatograms and spectra, and the volatile 
Multivariate analysis
The preprocessed data was firstly subjected to a standard unsupervised statistical technique of principal component analysis (PCA) for dimensionality reduction to find holistic representations which had been applied to a broad class of complicated systematic biological problems. And then a supervised statistical method of orthogonal signal correction partial least squares discriminant analysis (OSC-PLS-DA) with OSC filter enabling variable filtration, without losing the spectral structure of the loadings, and consequently facilitating interpretation through identification of the metabolites which were the basis of the discrimination, was further performed to remove the information unrelated to the target variables and to screen the potential biomarkers [31] .
Statistical analysis
Univariate (Student's t-test) and multivariate statistical analyses including PCA and OSC-PLS-DA were conducted by a suite of scripts developed in-house running in the R software (http://cran.rproject.org/, version 2.14.2), with detailed analysis processes demonstrated as previously reported [32] .
Conclusion
The content of protein in the fresh FC was higher than that in fresh BC and FC, however, they were almost the same in the final BC, FC and FL, a litter lower than that in fresh samples. 
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